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Optical Parameters of Leaves of Seven Weed Species' 

H. W. GAUSMAN, R. M. MENGES. A. J. RICHARDSON. H. WALTER. R. R. RODRIGUEZ, and S. TA.MEZ’ 


Mttraet. AbwrptioM cocfficicBt (k). infiiiit* ttflactwMC (R«). and 
scanaring eocfficicM (a) wtK nbulatad for fiw wtwtlMfcha and 
aaaiyaad for scatiaticnl diffortneas for ravan waad apaciaa. The wava> 
langtlia wara; O.SS iun. O.dS $im, O.SS (im. 1.6S iim, and 2.20 iM. 'Die 
R. of common lambac|ttar«ara (ttanoRadinm Mum L.). johmoogtaaa 
ISoigOnm hd*p»»m (L) Ftta.|. and annual aownhiad* (SoacOai 
oUntetmt L.) laaircs at iha 0.aS-|Hii wavalengtii wara aipiificandy 
(p « 0.05) hi|har than for auaflowar (fMiamtkus mmuHs L.). ragwaad 
parthenium (AntOminni hyut r o p kom* U). or London rocket (SiryiM- 
Prium me L.). Annual iowthiatla had the largeat k value, and Palmer 
amaranth (.dnumathia palrntri S. Wata.) had the tmallaat k value at the 
OdS-itm chlorophyll abtorption wavdangch. In general, johnsongraaa. 
reread parthenium. or Lmidon rocket bad the latgaat a valuea among 
the five wavdengtha. whareaa annud aowthiadc and Palmar amaranth 
ware usually lowest. 

AddUi»Ml mdrx uerdt. Absorption coefficient, infinite reflectance, 
acattariog coefficient. 

INTRODUCTION 

The optical parameters k, R«e. and $ have been tdntlated 
for seven wavelengths, and analyzed for satUtical differences 
for 30 plant species (d). The wavelengths were: O.SS (an 
(green peak), O.dS pm (chlorophyll absorption band). O.SS 
fan (infrared reflectance plateau), 1.4S fan (water absorption 
band), l.dS pm (reflectance peak following water absorption 
band at 1.4S pm), 1.9S pm (water absorption band), and 2.2 
pm (reflectance peak following water absorption band at 1.9S 
pm). 

Our objective was to present signiHcant differences among 
the three optical parameters for seven weed species at the 
0.55-pm, O.dS-pm, 0.8S-pm, l.dS-pm, and 2.2-pm wave- 
lengths. The optical parameters can be used to predict the 
response of a weed leaf to insolation. The rate of photo - 
syntheus will be affected by changes in the amount of insola- 
tion in the ?AR (0.4 to 0.7 pm) that is absorbed, reflected, 
or ^canered by a single weed leaf (3, S). Optical parameters 
could be especially useful for determining the amount cf 
insolaaon absorbed by a weed leaf. Insolation absorbed by 
a weed leaf is energy lost to the photosynthetic activity of 
useful crops, and will have a corresponding effect on yield. 
Thus, data presented in this paper should be of interest to 
investigators developing various crop yield models (4). 

These data should also be of interest to the crop discrimina- 
tion problem in remote sensing. The data presented could be 
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used for invesdgation work using Suit's (14) plant canopy 
reflectance models and Smi*h and Oliver's (12) stodiastic 
plant reflection model. These models could be used to infer 
crop and weed reflectance from LANDSAT altitudes using 
atmos|dieric radiative transfer correction procedures as pre- 
sented by Ridtardson et al. (11). These crop refleaance 
modeling nudies would have application to remote sensing 
in weed science for the detection of weeds in various crops 
and for studying the associated crop yield reductions (9). 

MATERIALS AND METHODS 

Ten fully expanded and healthy appearing leaves were 
collected from each of the seven field-grown weed species.- 
ragweed pardieniuro, lambsquarters, sunflower, annud sow- 
thistle, Palmer amaranth, johnsongrais, and London rocket. 
The adaxial Ic^xf surfaces of the weed ^>ecies were essentially 
glabrous, except that sunflower leaves were sparsely pubescent. 
Johnsongrass leaf venation was paralld, whereas venation 
was netted in the other species. Leaves were positioned on die 
spectrophotometer so that veins or haks did not interfere with 
the impinging light beam. Immediately after excision, leaves 
were wrapped in Saran^ or Glad-Wrap’ to minimize moisture 
loss. Leaves were wiped with a slighdy dampened cloth pre- 
ceding spectrophotometric measurements to remove surface 
contaminants. 

The Ro„ k, and s coefficients were calculated by die 
equations of Allen and Richardson (1): 


1/a. ( 1) 

k - l(a-l)/(a-^ 1)1 logb, (II) 

s * [2a/(a* - 1)1 log b. (Ill) 

a » (1 r* — t’ A)/2r, and (IV) 

b » (1 -r’ +t’ -tA)/2t, where (V) 


a B optical c.onstant, b * optical constant, r ■ rrfleaance, 
and t = transmittance. The quantity A is defined by the 
relation 

A’ *(1 -t-r + tld -t-r-t)(l - r + t)(l - r - t) (VI) 

The quantities a and b (equations IV and V) are constants at 
a given wavelength. Because r and t vary with v.avelength, the 
quantities a and b are also functions of wavelength. Light 
passing through a leaf is modeled as being absorbed and scat- 
tered in direct proportion to a differential distance, dn, 
traversed through the leaf and in direct proportion to the 
amplitude of the light at that point in the leaf. The quantity 
n is the cumulative leaf area index. Absorbed radiation disap - 
pean from the model. For the case of a single leaf (n > 1) 
Allen and Richardson's (1) equations reduce to the form 
shown above. For the case of n > 1, two or more leaves are 
stacked, and the formulation becomes more complex (1). 
Scattered radiation is merely changed in direction. Because 
the model is one-dimensional, the scattering must be either 
forward or backward. The forward -scattered component is 
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indistinguishable from the incident light, but the backward - 
scattered component adjoins the light moving in the opposite 
direction. The absorption coefficient k (equation II) and the 
scattering coefficient s (equation III) are coefficiena that 
result from modding light interaction with leaves (1). The 
coefficients s and k correspond to fractions of light that 
arc scattered and absorbed respectively per unit of leaf area 
index. 

Leaf thickness was measured with a linear*displacement 
transducer and digital voltmeter (10). Water content of leaves 
was determined on a dry-weight basis; leaves were oven-dried 
at 68 C for 48 h, and cooled in a desiccator before we^hing. 

Variance analyns and Duncan's multiple range test (13) 
were used on the spectrophotometric data for the selected 
wavelengths at O.SS, 0.65, 0.8S, 1.65, and 1.1 tan. 

RESULTS AND DISCUSSION 

Leaf ebaraeteriuks. These dan are included to diow the 
wide range of leaf thickness (0.122 to 0.235 mm), leaf water 
content (74.2 to 83.8%), and area per leaf (13.4 to lOS.O 
cm*) represented by the weed species (Table 1). These data 
are used for descriptive and correlative purposes. The optical 
parameters represented the optical differences among leaves 
of the weed species. 

Infinite reflectance The highest reflectances and the 
largest inter-species differences were obtained at the 0.85- 
pm wavelength on the near-infrared reflectance plateau. The 
reflectances of common lambsquarters, johnsongrass, annual 
sonthistle, and Palmer waranth were significantly larger 
(p s 0.05) than sunflower, ragweed panhenium, or London 
rocket (Table 2). These results were not consistent with leaf 
thickness and water content measurements (Table 1). High 
Roo was associated with more finely divided mesophyll struc- 
ture, which was conducive to short path lengths of light and 
subsequently less light absorpunce (2). 

Absorption coefficient k. The largest k values were ob- 
tained at the 0.65 -pm wavelength, which represent the chloro- 
phyll absorption band in the red light region (Table 3). Annual 
sowthistle had the largest k value, and Palmer amaranth had 
the smallest k value at the 0.65 -pm wavelength. Thus, annual 


TMe 2. Inflnite rcflcctanvc fur leaves of seven weed species at five 
wavelengths. Each cucfflcicnt is based on 10 replications*. 




Wavckmgih 






(om) 



Species 

0.55 

0.65 

0.85 

1.65 

2.20 










■■■ " 



Ragweed parthenium 

15.28a 

U7.52b 

68.94c 

46.50a 

25.50a 

Common lambsquarters 

12.35b 

07.59b 

95.52a 

56.l7cd 

16.50IIC 

Wild common sunflower 

11.20c 

07.70b 

81.96b 

42.14b 

19.85b 

Annual sowthistle 

lU.26d 

05.56c 

90.85a 

54.50d 

14.90c 

Palmer amaranth 

12.14b 

09.05a 

90.75a 

41.76b 

18.S2b 

Johnsongrass 

15.84a 

08.59a 

92.48a 

46.57a 

25.54a 

London rocket 

15.18a 

07.57b 

56.64d 

58.54c 

20.99a 


*.Means within each wave, jth followed by a common letter are 
not ugniflcantly different, p « n.OS, according to Duncan's multiple 
range test. 


sowthistle would probably cause the largest loss of insolation 
for photosynthetic activity of agriculturally useful plants. 
Reflectance measurements showed that annual sowthistle had 
a higher chlorophyll concentration than did Palmer amaranth 
(7, 8). Note that the k values at the 1.65- and 2.20-pm wave- 
lengths are predominantly affected by the amount of water 
over a spectrophotometer’s port (2). Reference to Table 1 
shows that annual sowthistle leaves had a significantly higher 
water content, and were thicker than. Palmer amaranth 
leaves. These factors contributed to high k values for annual 
sowthistle in relation to those for Palmer amaranth at 1.65 
and 2.20 pm. The reason for the larger k values for London 
rocket (1.65 pm) and common lambsquarters (2.20 pm) 
than for annual sowthistle are not known; London rocket and 
lambsquarter both had a lower water content than did annual 
sowthistle. 

Scattering coefficient. In general, johnsongrass, ragweed 
parthenium, or London rocket had the larger s values among 
the five wavelengths, whereas annual sowthistle and Palmer 
amaranth were usually lowest (Table 4). The s values were not 


TsiU I. .Mean leaf Uiickncaa, water concent, and area per leaf for seven 
weed specief. Each mean is based on 10 replications*-. 


Species 

Thickness 

Water content 

Area per leaf 


(mm) 

(%) 

(cm*) 

lUgueed parthenium 

0.256s 

74.2d 

56.6b 

Common lambsquarters 

0.255a 

77.5c 

15.4d 

^»d common sunflower 

0.254s 

82.5ab 

105.0a 

Annual sowthistle 

0.218b 

85.8c 

46.6bc 

Palmer amaranth 

0.166c 

SO.Obc 

44.5c 

Jobmongrass 

0.145d 

76.9cd 

98.5a 

I'Undon rocket 

0.1 22e 

78.8c 

16.7d 


*Mcsnt within each column followed by a common letter are not 
UfDincantly different, p ■ O.OS, according to Duncan's multiple range 
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Table 3. Absorption coefficients fot !e:ives uf seven weed species at five 
wavelengths. Each coefficient is based on 10 replications*. 


Wavelength 

(urn) 

Species 0.55 0.65 0.85 1.65 2.20 


(k) 


Ragweed parthenium 

1.92a 

4.45c 

0.08b 

0.25cd 

0.66c 

Common lambsquarters 

1.71b 

4.80bc 

0.00c 

0.34b 

0.92a 

Wild common sunflower 

2.03a 

4.25c 

0.02c 

0.29c 

O.S4ab 

Annual sowthistle 

1.87b 

6.20a 

0.01c 

0.5 5ab 

0.9a 

Palmer amaranth 

1.86ab 

3.21d 

0.01c 

0.24c 

0.69c 

Johnsongrass 

1.95a 

5.56ab 

0.05c 

U.21e 

0.62c 

London rocket 

1.95a 

S.56ab 

0.17a 

0.58a 

0.82b 


*Means within each wavelength followed by a common letter are 
not significantly different, p • 0.05, according to Duncan', .-nuliiple 
range test. 
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Ti^ 4. £catt«rin| aMffkiMa fw Imwm of Mvtn wwd tp«cit» at fiv« 
wav*l«n|th)>. Eiiiih cotfficitai ia bawd on 10 nplkatiom*. 




Wavelength 






(nm> 



Species 

0.)) 

0.4) 

0.8) 

1.4) 

2.20 








■ II 


111 • 



Ragweed parthenium 

a47a 

0.7)c 

l.Ola 

a81a 

a)8a 

Common lambaquartets 

0.))bc 

0.8)be 

0.8)bc 

0.40d 

a4)c 

Wild common sunflower 

0.)8b 

0,77c 

0.9)b 

0.7)b 

0.)2b 

Annual sovrthistle 

0.48c 

0.74c 

0.8)c 

0.))d 

0.)8d 

Palmer wnaranth 

a)8b 

0.70< 

0.82c 

0.)9d 

0.)9cd 

Johnsongrass 

a7)a 

l.Da 

0.88bc 

a48c 

0.49b 

Loitdon rocket 

04Sa 

0.9)b 

1.02a 

0.77ab 

0.)2b 


*M«ana within each w awl a nyh fotlowad by a common laaar at* 
not aignificantly diffmnt, y ■ O.OS, accoitling to Ditnewt'a multiple 
rM|CMat. 


cleariy associated with the leaf thickness and water content 
measurements in Table 2. It is known, however, that leaf 
structure causes light scattering, especially at the 0.85 -ftm 
wavelength in the near-infrared reflectance plateau region 
(l)i on the average, the Kattering coefficients at 0.85 tm 
(Table 4) were higher than at the other wavelengths. The 
scattering coefficient s U a function of leaf structure. If the 
leaves of ail seven weed species had essentiaily the same 
internal structure, s would have been strongly correlated 
with leaf thickness. This wu not true, so structure was im- 
portant in light scattering. 
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